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Mo 

20 

[H*JS5 3 mMl'--4<:D\,^^i}>-mizt5\>^X. 

±iimm.^-(M^±.immmcomM^^mzinf^mm 

^«oe«»*is^sv Mzmm^ -^iiinx , mm.^-( mz 
J; ^%±-th^vvxmM^±MmmMwi,znLmmzm 30 

cr>mz\i^mm^Mm.zfix^-^h^timmb-rtm 

[0001] 

%mm ■ 't-9m<mmmi'Ji^mh^^^mmm.t<zmm 
wtgT'S)oT. ^^)V':^m^ mm (nmMmwfiz-m^m. 40 

[00 02] 

■^j:^z}itimi^i\.x\-^i,. 

[ 0 0 0 3 ] , 

mm., mmmm., m.%-^mmm, mmyv^m, 50 
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iiiii (NMR) mm., %mm- "^-^mcmmm^im: 
b~th^mmm{.zm^mmb Lxnm^h:ibifim^% 
timi^x^^^. 

[0004] ^coi d ^m^mmmi^^m^^tzmemwi 
RV!mmmi>^^mm-hijmtLxu. mti^, mmw- 

6-168823 (jtiRl) , #MT1 0-0 124 2 

9 (^fflc2 ) , mm^i 0-100306 (xms ) , 
mm"?- 11-083854 {xm.4 ) , m-i^m^^Kx 

[0005] ±Mim. 1 izxmi. mmmmi¥ii%m 

tpXi^MiLtzm . m-iM,m.mmi^<nmmizm,m Ltzmm^ 
A Mzjvvxmfi^mm^h i 1 1 i '<mnMW-\,zJvv 

^y±}^m3ki>zi:-,xmM^muhx^:h^j:mah^s 

[00 06] ^o:>niv7<mmm>zxft\t, ^s!*oFc(F 

ield Cooling : J^t^J^SDffi-^Z F C (Zero Field Coo 

ling : 'dvimwi^mmmnmmuzi.hmm:}smz)^c 

:^ffi&f ijffl x^tzmAmm^mm^ ^ v^^^ v ^.z-th i h 

[0 0 07] -ttz, ^L%^-xm.'2.\>zii\^x^i, i^«tc-ft;t 
X n^rnxmnm^ ^ j^si-r ■§> -nmfi^ ^Kxv^h.m. 
mmmzm^^fthmMm&mu-^\^^^% < o , 

cfc "omBmrn}! i-x^^^^mtm^L-th , 

[0008] tfc, ±IB5CK3 tJi, S«2»#:ffl<7)?^a 

[0 0 09] t.fz, ±iB:fcK4t={i, ^mm-^nw^ 
txx\^h. :L(^-m.\izi:.-ix\i, ^Tm.m:m\-^t£\^^ 

[00 10] 

^mm^mmmfnvmw-<r>wmfMz%i\^x\i, i'Kc^) 

X , mmmwcoz: < iS:mxLt-^mM*m^ii.^j:^ ^ 
t\>^omt^h'yfz. 

[0011] tfz, mmmmmmcommzi: 'omst 
tihfziiy, mmmmMm^z^^Tmm<mm, ^ mt $ "(t 
h^btf^x-^^\^\ tfz, m^c^)^v]^:xm^izxhmm. 
:mx'i±mmMmzmm^ii-^mmcr>^mt>^^+^xh 

[0012] ^^iz. m^cDjjmxmmizmm.Lfzmm 
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[0013] *^H^{i, t^i-i>mM<Dr^m}^i>zm^x^x 

[0014] 10 

mmzmm^Kfzmmmwi. ^mm^^titzmi^^m^ 

mt^tz>t)a)mm.^Aivy , iMmmmw^im^^tz 

)^<^Mmimmm. h-imtfz^iti'mih ^^mmmm 

^mmzhh. 

[0015] *%Bj5<5osfl:^m5Sfit;*5^^T*i>?±a 
Xo^z-m^^zT&mLxum.^'^fz^ibX'h^. <r<rtc 

m^"^mm^^ixt^d^zwM.^ u±, m.m<^ 

[0016] ±Mmmm±mt. mtii2im\^^-^h 
^^lo ^zmm•t^zt:^n^^ t um^^mmmmm 
1. iiii#BS) , ^<7)m^izu, 2fflc?)jiffi^ 
m^j: h mmzt£ a j; 3 i>zmmt^ ^t^z^^, mmm^z 
-'-ijt)^i^mjiz^t^omMcr)'&^f)\ m.m%±'mim<r) 30 

[ 0 0 1 7 ] sf^, 4.\mmm9t^^^ . ^tL^nc^M 
mti^ 1 j^tzMfp Lxm-^ox^ i>zmm^h ; b ti-x-^ 

w&tts:hXo{zmm:ti>^ti,zx'o , Am<omm^\^ 

y^mm-^^LhtfiX'^h, 

[0 0 1 8] i/i, ±.tm%9t^m\mmmmmmzm. 

xmrn-f^zttim^LK-^. ztii,zx^, i^Ki^vm^ 

[0019] ilB^^iaSBfi, Mi.{f n-;PK^ y K2r 
*-r S J^iSgP > J±ffi« t j; D ffiEK^^ ; i: ifiX% , ±ia 

F^-y vizmvMw^mmh^^arsmmzmm 
^'±xmmMWcr)}%si^^n o J: ^ tc«js-r-g. ^ t t-x- 
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mw-i^m {iiTfTc tm-t) mr^z^n^ti^. tfz, 

[0020] ilEi^iU^ai: LTti, GM (Gifford-Mc 

Mahon) V 'f<mm, j-^iVTm^^mm. 

m'kmm-th^Lh-b-x^h.. ^fz, iL%mMmm.(riwm 

i: nwM^x i <£ V ^ t , 1 ^xmw<mmk^u^^m 

[0021 ]*^^, i3mmmmm.\t, nmmm-^ 
n\z-m&m.oym\^^m.^mm-h tzmz , m3\i mm-s. 
^yzrim^^xhhm^<7)nmmi:'m%Ltz^, 
mmit^nM'^rrsyy'^m^^xn^h^hnmm^m 

[0022] ±MMmmmm.t ffi^ii^fflh t 

^^x^, mM^mtLx^-yfi-^TTi^yT. mi&m^y 
y\ ^'7-{^Tiiyy°m^mm^i>^tt)^x%h. 
[00 23] ±i£®«»#:{i, mumwmzk 

^^^tlfz, Ag, Au, P t^Sr#tfRE-Ba- 
C u - o^mvMW- ( R E « Y . ^±m7tm , xi^^ti 

i^(r>7mcr)%m-^h^) *ffiffl-r^; t^i'T-^S. RE 

- B a - c u -ommmmmt , mmmx^m-i-^ i h 

t *?frf|. ^ h J; 0 . \^y±ih^.^i: D5$;i7(c^S i 
i:*^X-&-l>« A g^Au S:?Hf ^ i: i D , S 

[0 0 24] ±ie*?l3^;NS, ±MmM%±^ 

mmc^mm%^mcDimMw.immx% 1. j; ^ tWfiSct- 
m.mxhmfM'smwkm-^<^9myjimmco v ^-rtit; i 

^i,zt,i, ^■s.mmm^<^mmcr)-&m^n^<mi^-th _ <> 
^i-c'S, mmmwcomumMi>zi: ^mm^fitzmmm'^ 
m^wh^zmm-^^ ^t-ffix^h. ttz, ±.tmm.^ a 

x^ h . 

[0025] mz, ^mm^m^z-^mm^h. 

T, 2lic7)M^^-i>ilffi^^t-:3^a«^gl^^>!^l^|]S^i:/::=# 
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C 0 0 2 6 ] $ i^t;. 3ffllil±i^il*i^iaT^M[*l§-tt 

[0027] mi, *%0Jt J:^lif, 3fiua«^P^^ff^ 
[ 0 0 2 8 ] J^t , if*]a2 fciBttC0^aj(7) J; ^ fc, ± 10 

^i>mt^^hzb:fy^x-^^. tfz, 3mi^A±.<7ymtm 

wm'^mtmm^^^t^^^zbti^x^^. trz, mm 
a-tj].^mM^mzmm^^mi<zi±, -tcommm-^ 20 
xh^. ^i^iz, mm^mm^mm'ti>m, mmzm^ 

[ 0 0 2 9 ] J^t , IfsRilS tiatti^^BfltOJ; 3 1 , ± 
N71.X«^jKi03lSB#PBl j;iS[#0,T t ^ S C t >?)i"-C- § ^ 

^oy^ca^. ^i^m.±.mzxhnmmcDm 
-c. 'hm.-mMfj:nAivxmAmmimm:zimits:mMi 

[0 0 3 0] ^fz, }Ltmm^^Mt, Mf*M«^tO<^ 

\^\^. mm^^jvii^^m-hzb^zi.^ , zi^jvm^u 

& l^f (TMmiWcfZ b ifX % . 

^icf -l-Ch/ijiTS-g.. ±tz, IsItirH 

^hwmA-mcx^hfdih, mmM^^^v>-<9 

[003 1] t.fz, ^L%t)^}VXm^^,b LTJi, iE5JiS, 

[ 0 0 3 2 ] j^t, ii*iM4«^H3i7) i a t:, ±is«ia 

^hi.omWL^KX^^hZbi:^^t.}^\^. Zft\,Zi.^, 50 
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mm^ A Mzmmmk^^x'Ywm-x^ 
i.z^A'tzbifx^h. m-ox, ^mmm^muL^j:^^ 
mMmi^i:TJr^coi^mzi%mL^com.mimh , ^^hi^ 

l>FC (Field Cooling : a^tt^J^aD^ti: S^^Sr^ 
mb^^ZbtfiX'^^. 

[0033] ^mmmtizx h f c«ss-c-{i. mmmi^<7) 

mimmmtcomm^xmuLfzmMbmm § 
comm^mmmmzmu^'thzbti^T^^. m-h, w 

[ 0 0 3 4 ] m^m 5 cDwmi: o t , iMtmm 

x^nm\,z, t.fz\i\^<^ts-^nmzmm:th^om^ 

[003 5] zmzx.^, 'im^-th^o^z, mm,<nnm. 
m'W^mi^^fzAmxpm\zmm:th ; b immbt^ 
0 , m^xmmth <£ o t wmmM^m. <^hzb ifix 
ttL. mmmi^^mmizmmLxt^i^j&^nrzm 

^fz. ±timm^^M±, m^commm±mzMm 
L^tLi^i:mm3izt:mzmm-ti>m^^ bh^b tfix 

ss. <ic7)jfeg^tcii:, im(7mm.x-mi.<nm.mMmzm 
mmmS:^^h zbt^x'^^<^>x, mm.c^Hm^'y^t{:< 
■th:ibt^x^, mw<on^mm±.-t^. trz, ±.m 

m-t^^oizmt§.-tizbt^x-^i>. zcoM^^zit, m 
[0036] mz, mm^<mmj^wmi:. 3 \,z, ± 

ffis. mmA%htzM}^ismm., nmm^m., 
bimior-:^^ i^z-i^mizmifi $ ii-c v ^ 

tfz. ±tmmmmb±mM^mmmm.izioii-^^ 

[0037] tmmiimcomnii, mmmmm^mia 
To^astc?^^] Lfzmmcommmi^^m ■^izmm'^tz 
mmx, mm::i^Mz^ K>^-t^^vu^mm&±mm 
mmmzMLmmi^zmirth ^ b ^'^mb^^^mvmi^ 

cr>mm:)5'mzh^. 

[0 0 38] 2^%Bfl[CfcV^T«t>l±a-r<$.Ii:{i, 

)vxmm(nm><z±MimM\¥^:^^^zm^^^xii< z 
bx-hh, 

[0039] ii-c-. ^mmmy^^u\^^z^m^^h \ 
b \± . mmmi^imm Ltzmi^z i m<^imMmzmm^ 
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tirmmmcommmmzm < mmt'C'm.mmi^m±i 

[ 0 0 4 0 ] , mmikcom^^^ixtzmMmmt^zm 

^thx%i,. t.fz, mm.<Dmmm^^'^i^i,zML 
X, mmi^zmskcr^m^thxmo^tijx^h. 
[ 0 0 4 1 ] :i^m^mwmmfmmz-:>v^xmm 

mmzmm^^ . mmmi^cofHmzimm<^\i°y±ibi^. 

t^mw^fih b , mm^^^^t^ uth'y±i!tymmzx 
'ommc^mmmi^[^^^comA:bm^f^tt. mmmmz 20 

[0042] mm^m<^j:^ i^zm^-^mmirAmizmmm 
i^co^^'C^tx-mx-t^ J; 3 19 , +-yf^j:mmm9:X t 
fzmizemu^tifzmmt>m >o m^n^ t , ^mi± t° y± 

fi. m.i^:^mmmmzmiS:^iimmmm^mm^fi^ . 
[0043109 ( a ) tc^-rri: < , MMmi^B^'^^ 

^^xmm^tihmw:<7)m^izit, mmmi^ 5 c^Mmizii 
e y±iif>}^ 5 0iim^^fzisb, mmitmrn s ittzmmmt^ 

5cO[H^XUmmi>ziSi-^< l^z-jtiXSj^t^i^J: 0 tcffiSS 30 
mm><zi,}£^i:o\,zWm^ix^. ^ris. |B]llt=*3V^T 

[0044] tfz, mvMW 5 {zmw^ixhmMt'^^'^)^ 
xm.m<^m^\>z\i, JvvxmM<^eiiM^{zm^m5 
mmmw 5 n^xm l < »< , mmm^ 5 co^m^ 
±.m-^. ^<r)tz^, \fy±>^-^ifi\SiTL. mnmws 

\,zmiR.^fihmimi?m.(D^tznm'y~th. m-yx, m. 
mmw^iz^ ^^\-mm'&fMi%^fzi)b\,zi,±, mnmw 

}Vy^mm\>ziinhmumM(^wjf^nt i. ^ht^ii^^b 

[ 0 0 4 5 ] ^^0JO#ffl&t/S6mtO\,^TfM0J 

AfMXf^)vxmmimm:th . ^cDtz^b, mcommmw^ 

[ 0 0 4 6 ] 09 ( b ) t^-rrh < , TsmLx\-^i,m 

mmw 5 2,5 3 cr)mmsBximMcr)m.t^ d t^'j^-ts^^ 
m&xmmtimu ^tih. ttz. mmmw 52. ssco 50 



#ffl2 0 0 1-683 38 

8 

oT, S«^*|s52, 5 3t:Mffi$n^?i«S:±§<-r 

1. ; i: , mmmmmm^if^ 52,53 e*»fi(c 

LT t mnmw 52, 5 3 ^>^t--i. 

[0047] ^tz, 

mmttzm. mmmf^<r)mm'^iiLmi^txm.*mm<n 
fm-^mm^^. mmw^mt^^^^-^izit, ^fub 

mj^Tmm Ltz^o^j:. mmxmm L3t0«^#c^ jfi-?- 

ii-xmrnmrnifm-t^mizmm t^-yx ^^fzmmmi^ 

^tf^mmmi^comizm^^mm^m^mm-t^ ; t ti^^ 
[0 04 8] i;^±, :^9kmizxtiif, ii^^m^m^^w^ 

[ 0 0 4 9 ] if^Sco^BJco J; d , «mo± 

t^mMW<nTmzmm'&.w^tmi.xi5<^btimt t 

Six, ^iigfls^^il^^^^r^ j;d(;^:-g.. ^cDfz 

i "omit^fitzmmmzi. ^mmtimSiLxtm 
tffix-^h. 

[00 50] tfz, rnm.'&mmM^m.^^'^h , \>^h 

<^:^B-^(om^i^6. m-ox, ±mLfz. mmmt^ 
(Timmmmi.ziiif^m^comti'^'o^'j'-^xK-th^tti^T 
tfz, mmmmzma^ttfzmm^'if\=ti,z^^^fz 
mxi.. m^^t. i.L<i±mmmmzm^-^ii.fim^ 
tcj; Kitm^ii^m^ttmmiimzm^cox . mmmi^ 
izw5\^m^mimfM^fj^-ofz^mfjmm^tih . ztiiz 

[005 1 ] ±iB?s?itt#;tt, %mmit, xim^it 
y=j^~)v, mmmm, ^^mmm<^mmmmmm, n 

d-Fe-B, Sm-ComcO^XWBMfA, Gd, D 
[0052] 

[^Bfl<7)IIM£7)?]^^] ^ife?f^«Ml 

1 -0 ^fflv ^TfjjaH^^s . II 1 iktm 2 tc^^r t 

<, 3|s:^Jt>^)^/i)^^®«W?S5^ai{i, *SifSftW:^2 
0t:JC^$tLfcS«Stt:2 1 J; 0«)S$n7^cJS«^gP 

2, 2 9&2Wl;i. imMi%±m2, 2 9imM'&Wi 

5^c, ±MimMW.2 1 ^«m-r^/ci6cD«iS3-f /k2 5 

±iefi«^#:2 1 ^?^iii-f-^i^ca6co}^ffl^ai 1 

^: , iim'smm-M^ 2 0 F^^*s#fm^^ fzi!b<7^m'& 
mmmm i2t ^mz. x\^i>. ^lx, ±immm^ 
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m(r)mmmii^2 1 trK^Azmm^^z^mx-mmmw^ 

t i ^%^-t^^'^)vxmM^±MmmMW2 1 lisi 
mzm\^th^hx', ±Mmmmf2 1 ^mrnth^t 

[ 0 0 5 3 ] mr, tm^zim-t^ » 
1 {±. 121 1 t^t-r^; < , 2 ^coa«^gi52 , 2 

9*i^-x 1 OO^^Kt— r^;H 0 0<7)±mi6SrieS 

2{i:^Mx-r;P 1 0 OtcH^^fi, ^flM^^^gp 
2 9{4^»jXt— i^'l 0 2WNyF;H 0 1 ^rH-rii: 
DJ^PaliEBIIg^ 0~2 0 OmmCOKHT^X.^>n 

[ 0 0 5 4 ] la 1 i: < , ^-X 1 0 rtCti , 

a^^i 1 , %mmmmm.i 2. m^K^B&L^t^aia^ 

S^fflv^TisO, ^toJiffiSl 11.11 2{i:t:&oia 
%?m.m 2,29 c7>?^IOffl(::£^(; 1 ffli^-sffiS^ iiT 
V^^o *ffi#fM^ai2{i, fflf |^ffl*^*^yTh LT 20 
vSmte^^vn 2 1 , LT^'-^J^^^^fi^T 

1 2 2SrfflV->TV^-&. 

C 0 0 5 5 ] 0 1 t^F-rri; < , 1 0 OMfflt:! 

{i, ^^ai^ai 1 t*ss^m^ai 2o$ijp^-'y h i 

2 tW±X-i -y-f- 13 3, i^mmWl 1 CO^X-^ .y-f 

Xt^h. 30 
[0056] ^^^f\.^fx.omM^&.U 2,29 
gPllOtCti, Il2t^-f-r^:<, ■3—)VY^-/Y22 
5 >{)^^{tT * 0 , n-;!. -y H 2 2 5 <n%mz\±-^y 
T-^ryn-y^ 2 2 3^^rtTti«##;2 l^^fXDWt 
(>fiX\^h. «S«^#:2 1{i, 4^71-^2 2 7tj; 0-9-:? 
r r rn i;? 2 2 3 h ^^tc 3— K^s. -y K 2 2 5 tC)Ja 

[00 57] nnMW-2 1 , -ff:? T -f rrcr 'v922 

3, rJ-;^^■■^.y ^■2 2 5{ixxy^xKto*SiiTiKiw 

112 0 Mz^m^ttXa "9 . ±a!LJt*^P».SS 40 

1 2{Z^ 'OWSm%^t\-X\^h . a-;^^■^.y K2 2 5 

(r)%mmmz\t p t - c o mm 22 e o #(t ^> 

ix, ^■-^.y K 2 2 5 cO'M^ifimMX^ 1. j; o tc=5r 

[00 58] 02 t^-rrh < , eS*#:2 1 coMM^ 

%-thmm(^^mz\±7i-^~)vm^2 2 1 tmrn^fixn 
K) . 2 1 tf^^-th mmmmx^ 1. i a t^^r 

-oTV^-g., mmm^2 1 i:-9-7T-YTya>yi?2 2 3i: 
h2 2 236faffribl). ■+?-y'T-<T7''n-y:?'2 2 3i:rJ 50 
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K's.-y K 2 2 5 1 comutm^mmmiommcox^ 
—9-2 2 4 *iisftT s> 0 , mmmn^ 2 1 1 Mmimm^ 
2o<7)^#mbc7)m..m^, mmim-h-:)-:>x-^hmm 

[00 59] Sfl:##:2 Iti, 15fiM%<7)Ag2 0 

(is-ft^) i:o. 5fi»%(7)Pt (SA) imnLxm 

m&Xi^mLfzSm-Ba-Cu-Omim^'^fz. -^A 
X{±, ii:g3 6mmXft§ 1 6 mm(?)RS^T-$.l. » S 
2 1 « , nm^Wmi^Zi: l,9^-y9 O^^Srl® 

^Lfz (la^Bi) . 

[00 60] 122 (;S^-r^'i:<. *?l3-f;t^2 5{i:, X 
x>'^;^»i?5#t:>lc^:ftffl^lS>{)i6 8 

ii* ^xi§ffi $ tLT V ^ § „ y V^*- i: t U b <r)fm. 

\>z\mmmM^<^x9-^^-Txv2 5 oio^^m^tix^-^ 
[006 1 ] mm.-^A)V2 5{±y y^'^^<7r<^%%m-^2 5 

2 5 1 0±gPi3(i^igaAP 2 5 2 j?)ilSit ^^1T*3 "9 , 
?^WS2 5 lc7)iaHt:{i?^£?)^^^«/Mm(:S|J;c^ 
fzisbam^M 2 5 3 ji^'^A^tlT V -i> „ *^rj -f 2 5 t 
?mW§52 5 li^^#:i:-etl.^:S;tl.<--^Tl^-b2 

3 4 ^ y i^', X ^ -y ^■ h 2 3 5 J: D ^ffiirii 
§11 2 0 tcM tii*Wtgt:ia^$ fx.X\^h. 

[0062] Il2t^-rrt < , «^3-f ;P2 5(c{i^N° 
y y j.-;l'SO?fiK14#:2 3 tm^-y'V— b 2 3 1 
^^tTHSd^/t-b 2 3 2tcj; Dffii*^tgt:ia^Sti. 
%m^M^2Qamim2 0 0 ^6^A-e0«^#:2 1 
^:*fl^^-S. iatclEBSixTV^-l.. 5SlStt* 2 3 ct)^*^ 
fiiJ<7)®(iOSP2 3 Ot^^-oTi^O . lllS7V-b2 3 1 

[0063] m&TV- h 2 3 1 tfO^'hiiiSEtCti, «]lf* 

tcM^i:L:^c^«^#;2 1 b(n^mzn%m->x^wm. 

2 3i;ISlST^-b2 3 1 (7)^#:^«lSa>f ;t^2 5*^^, 
%-m'hft^<m.^9V\^^^}VY 2 3 3*^^{tT*^o 

[0 0 64] 1212 t:S^-t-ri:<, |$l'9i'ht^;t^b 2 3 3 

coHSrix-h 2 3 1 M{iS<75':?i/^^cA»«T1IlKT'§ 
•g. J; -JtiaST^-b 2 3 1 tJiS-^TdoD , '^-x^" 
^-b2 3 4fI!|{i^att:^-:>T*3 0, ^-X:ri^-b2 

3 4t;fat3itixTV^-g>. fXD^'ht41'/H-2 3 3^[II-t- 
t , ssr h 2 3 1 ff^—y.7-V~ f- 2 3 4 tc*f L 
T?l§SI§a§« 2ffltO?S:^^gP2tO*SBfS?iW:^2 
0 0c7)rtili:«lla>f ;^2 5<?3ffi3t{i:t:feM«^(:^:oT 

[0065] ^ISAx-i^' 102 Srfif^ LT , 03 
•rri:<. :^^<^m%^^2, 29^m^~TV~Y2 
3 1 ± T'j£-:5lt ^ t , fcfec03SJ^tt#c 2 3 

diSB 2 3 0 TffiM t T o^;0^.g> ct '3 fc^: I. « ^ 
&*c7)*Elrj-^;l^2 5 tcHBttrnMSril-r-r 1 J; 0 , 
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